IQ  RDECOM 


UNCLASSIFIED:  Distribution  Statement  A:  Approved  for  Public 
Release  TACOM  Case  #21395  Release  Date:  29  NOV  2010 


WARFIGHTER  FOCUSED. 


Autonomous  Platform  Demonstrator 


Army  Science  Conference 
29  NOV  -  03  DEC  2010 


U.S.  Army  RDECOM  -  TARDEC 


Report  Documentation  Page 

Form  Approved 

OMB  No.  0704-0188 

Public  reporting  burden  for  the  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information, 
including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington 

VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  a  penalty  for  failing  to  comply  with  a  collection  of  information  if  it 
does  not  display  a  currently  valid  OMB  control  number. 

1 .  REPORT  DATE  2.  REPORT  TYPE 

29  NOV  2010  Briefing  Charts 

3.  DATES  COVERED 

29-11-2010  to  03-12-2010 

4.  TITLE  AND  SUBTITLE 

Autonomous  Platform  Demonstrator 

5a.  CONTRACT  NUMBER 

5b.  GRANT  NUMBER 

5c.  PROGRAM  ELEMENT  NUMBER 

6.  AUTHOR(S) 

Andrew  Kerbrat 

5d.  PROJECT  NUMBER 

5e.  TASK  NUMBER 

5f.  WORK  UNIT  NUMBER 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  TARDEC  ,6501  E.ll  Mile  Rd, Warren, MI, 48397-5000 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

#21395 

9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  TARDEC,  6501  E.ll  Mile  Rd,  Warren,  MI,  48397-5000 

10.  SPONSOR/MONITOR’S  ACRONYM(S) 

11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

#21395 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT 

N/A 

15.  SUBJECT  TERMS 

autonomous  platrform  demonstrator  (apd) 

16.  SECURITY  CLASSIFICATION  OF:  17.  LIMITATION  OF 

ARSTRATT 

18.  NUMBER  19a.  NAME  OF 

OF  PAGES  RESPONSIBLE  PERSON 

a.  REPORT  b.  ABSTRACT  c.  THIS  PAGE  Same  aS 

unclassified  unclassified  unclassified  Report  (SAR) 

11 

Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std  Z39-18 


RDECOM 


Autonomous  Platform  Demonstrator  (APD) 


Be 


Suspension  and  Hub 
Motor  Technology 


Key  Performance  Parameter  is  80  KPH! 


Thermal  and  Power 
Management  Systems 


ARV  SFR  Requirements 


Series  Hybrid  Electric  Drive 


UGV  Safety  System 


Autonomous  Platform  Demonstrator  (APD) _ 

Purpose: 

-  This  platform  demonstrator  has  developed,  integrated  and  tested  next  generation  Unmanned  Ground 
Vehicle  (UGV)  mobility  technologies  such  as  hybrid  electric  drive  systems,  advanced  suspension 
systems,  thermal  management  systems,  and  UGV  safety  systems.  It  is  capable  of  reaching  speeds  up 
to  50  miles  per  hour  and  performing  maneuvers  at  those  speeds. 

-  The  APD  is  the  integration  platform  for  the  Robotic  Vehicle  Control  Architecture  (RVCA)  and  Safe 
Operations  of  Unmanned  Systems  for  Reconnaissance  in  Complex  Environments  (SOURCE)  Army 
Technology  Objectives  (ATO). 

Status/Technology  Readiness  Level : 

-  The  vehicle  achieved  first  drive  in  early  August  2009  and  has  logged  over  4300  kilometers  since. 
The  APD  underwent  an  intensive  schedule  of  developmental  and  mobility  testing  tightly  coupled 
with  experimentation  for  the  RVCA  ATO.  Testing  has  culminated  with  a  Soldier  Operational 
Exercise  2.0  conducted  in  the  4th  quarter  of  Fiscal  Year  10  at  Fort  Hood. 

-  Current  Technology  Readiness  Level  is  6. 


APD  Specifications 

Goal 

Unit 

Acceleration  (0-30  MPH) 

10.5 

sec 

Max  Speed  (Hardball) 

50 

mph 

Max  Speed  (Cross  Country) 

28 

mph 

Generator  Output 

197 

hP 

Fuel 

JP8,  Diesel 

Battery  Energy 

21.8 

kW-hr 

Battery  Max  Power 

282 

hp 

Traction  Motor  Power 

1,046 

hp 

Power/Weight  Ratio 

112 

hp/ton 

Peak  Torque  (Sum  6  Wheel  Drive) 

41,368 

ft- lb 

Steering  Radius 

0 

in 

Vertical  Obstacle 

39 

in 

Trench 

39 

in 

V-Ditch 

108 

in 

Ground  Clearance 

4-25 

in 

Side  Slope 

30 

% 

Longitudinal  Slope 

60 

% 

Fording 

20 

in 

Gross  Vehicle  Weight 

9.3 

ton 

Normal  Operating  Height 

87 

in 

Minimum  Crouched  Height 

76 

in 

Overall  Length 

182 

in 

Overall  Width 

98 

in 

Operating  Temperatures 

-4  to  113 

°F 

Available  Direct  Current  Voltages 

750,350,  28  V  DC 

Standby  Power  Available  (Genset  and  Batteries) 

Mechanical  Redundancy  (6WD,  Battery  and/or  Engine  Power) 
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APD  Hybrid-Electric  Architecture 
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APD  System  View  - 1 


KEY; 


LV  CAN 

-  HV  CAN 

-  PsvrCAN 

-  MM  CAN 

-  Fiber  CAW 
Ethernet 

-  RS-232 


- O  Discrete  I/O  to/froim  LV  PDU 

- O  Discrete  I/O  lo/from  HV  PDU 

Discrete  I/O  to/from  Turret 
□  1200  Terminating  Resistor 
y —  Radio  /  Satellite  comm,  link 
- Fiber  Serial 


Liquid  Sensor 
Air  Tamp  Sensor 


RF  Swingarm 

o —  Liquid  Sensor 
o —  Arm  Potentiometer 
—  Brake  temp  sensor 

RM  Swingarm 

<c= —  Liquid  Sensor 
o — Arm  Potentiometer 
o —  Brake  temp  sensor 
■o — -  Aux.  speed  sensor 

RR  Swirgarm 

o —  Liquid  Sensor 
o —  Arm  Potentiometer 
s5i —  Brake  temp  sensor 

RF  Sponson 

o —  Strut  Oil  Ress.  Sensors  (2k) 

—  Ride  Height  Solenoids  (4x) 
o —  Batt,  Fire  suppression  ECU 

FM45  External  Ethernet 
o —  350V  Shore  Power 
o —  24V  Shore  Power 
o —  Keyswitch 

RR  Sponson 

o —  Strut  Oil  Press.  Sensor 
o —  Ride  Height  Solenoids  (2x) 
o —  Brake  Valves  (4x) 
o —  Motor/Brake  Pump 
o —  Brake  Oil  Pressure/Temp  Sensor 
o —  Engine  Bay  Fine  supp.  ECU 

o - f  ™c  Lz 

rs-232  — [  Receiver  J  \ 

LF  Sponson 

o —  Strut  Oil  Ress.  Sensors  (2k) 

■g — ■  Ride  Height  Solenoids  (4k) 

<? —  Batt.  Fire  suppression  ECU 
—  Accelerometer  DAO 

Aux.  WiFi  Radio 

LR  Sponson 

o —  Strut  Oil  Press.  Sensor 
o —  Ride  Height  Solenoids  (2k) 

«== —  Motor/RH  Pump 
o —  RH  Oil  Pressure/Temp  Sensor 

f - v 

LF  Swirtgartn 

c-' —  Liquid  Sensor 
o —  Arm  Potentiometer 
o —  Brake  temp  sensor 

LM  Swing  arm 
o —  Liquid  Sensor 
— Anm  Potentiometer 
o —  Brake  temp  sensor 
o —  Anx.  speed  sensor 

LR  Swlngarm 

■o —  Liquid  Sensor 
o —  Arm  Potentiometer 
o —  Brake  temp  sensor 

LV  PDU 
Elevator 


Liquid  Sensor 
Air  Temp  Sensor 
24-24V  Vloor 
24-12V  Vicar 


Fan 

Fen  Cont, 
Power  Dlst. 


Switch/ 
IP  Adapter 


Ethernet  Switch 


Vehicle  Controller 
(VC) 


33-2J2 

Spy 


IF 


Safety- 

Monitor 


RS-232 

Terminal 

Servers 


C Display  Panel 


HV  Indicator  Light 

-350V  and  750V  panel  meter  displays 
24V  panel  meter  display 
MSTOP  Indicator  Light 


'"Engine  Bay 


Brake 

Ride  Height 

CTIS 

Controller 

Controller 

Controller 

Liquid  Sensor 
Air  Temp  Sensor 
Circulation  Fan/Cont. 
Power  Distribution 
Voltage  Senses  (13k) 
Re-charge  Ckts  (8x) 
GFD  Contactors  (7x) 


ESD 

DIO-B 


ESD 

AI614 


ESD 

HED 

ESD 

ESD 

DIOS 

CL300 

AJB14 

AQ412 

m 

(14k) 

m 

(Ik) 

CAN-controlled  I/O  modules 


C Turret 


ANS 

GP5/INS 


[  IPM  (F/R) )  [  LADAR  ) 


Ethernet 

Switch 


Research 
Cameras  (F/R) 


BW 

Limiter 


H  Wireless 
Ethernet 


Switch/I  P 
Adapter 


Wireless 

Ethernet 


Wireless 

Video 

f  Terminal  1i 

[  Server  ] 

l _ J 

o — Liquid  Sensor 
Air  Temp  Sensor 


ESD 

AI814 


CL300 

J2*L 


Fan 

Cent. 


Turret  Motor 
Controller 


XTr 


1 


Video 

Server 


SPAN 


Sub-ambient  Sub-Frame 


Water 

Pump 

Controller 


X 


Engine  Fan 
AFM12  Fan 
Temp  Sensors 
Heat  Exchangers 
Motor 

A/C  Compressor 


/  Powerpack  Skid 


Diesel 

Boost 

ECU 

Pump 

F1 1  Fan 

Controller 


Fine  Supp 
Liquid  Sensor 
Air  Temp  Sensor 


^Battery  Stack 


Mobility  Payload  (replaces  turret) 


Ethernet 

Switch 

Wireless 

Ethernet 

k  f™)  (»h 

rvoavaiiiri  i 

Cameras  (F/R) 

XT 

DVR 

ESD 

AI014 


HED 

CL3QQ 

(?«) 


Wireless 

Video 


BPC 


Fan 

Cont. 


VL34P  Battery  Pack  1 

—  Fire  Supp 
—  Liquid  Sensor 
—  Air  Temp  Sensor 


BPC 


Fan 

Cont. 


VL34P  Battery  Pack  2 

—  Fine  Supp. 

—  Liquid  Sensor 
—  Air  Temp  Sensor 


GUT 


J 


Water  Pump 
Controller 


— CTIS  Motor 
-CTIS  ECU  5.  PCU 
-12V  Battery 
-24V  Battery  Stack 
MAST  control  box 
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APD  Safety  System 


Objective : 

•  Enforce  and  control  safe  standoff  distance  between  APD  and  nearby  personnel 

Approach'. 

•  Provide  fail-safe  braking  mechanisms  with  well-modeled  stopping  distance. 

•  Incorporate  Safety  Monitor  for  redundant,  high-reliability  means  of  restraining 
vehicle  speed. 

•  Identify  and  mitigate  risks  that  could  lead  to  failures  of  braking  and  speed- 
limiting. 

Techniques: 

•  Identifying  hazards  that  lead  to  safety  mishaps. 

•  Modeling  of  correlation  between  latent  hazards  with  rich  instrumentation. 

•  Firewalling  safety-criticality  to  a  subset  of  vehicle  components. 

•  Developing  &  testing  fault-resistant  software  for  speed  limiting. 

•  V&V  testing  traced  to  safety  requirements. 

•  Well  structured  Safety  Program  IPT 


Vehicle  pension  i 

;  l'  Uitdbkf  bo  HfM  IflfiplltewhiEte  ■ 

■  |Lau  ar  tfnppmq  JblRV  >=j 

*  \  (J  **  **  Vflhtifl  * 

r—  i:  [  FlU  to  141  lp#44  imH  ft 

,  [  Lm  of  &prad-limr1  -afrJily  ^ 

i  ■■  1  Fan  ta  reaped  speed  lent  »i 

>  change-  n  wtiicie  motion  whit  dkiv tog  ■ 

<3  APD  mishaps 

|  Umrapected  whide  iMtori  whle  in  MSTOP  9  - 

injury  during  maintenance 

Careful  analysis  of  mishaps  drives  safety  system  design 


Reliable  speed  limiting  allows  safe 
standoff  distances  to  be  decreased 


Safety  Mongol  Master  State  Chart 


Safety  Monitor  ensures  that  safety  invariants  are  maintained 
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Objective : _ 

•  Create  a  real-time  vehicle  controller  that 
exploits  the  vehicle’s  independent  drives  and 
adjustable  suspension  for  good  high  speed,  on¬ 
road  performance  as  well  as  low-speed,  off  road 
performance. 

Goals'. 

•  Stable  and  controllable  under  all  conditions. 

•  Handle  smooth  and  discontinuous  demands. 

•  Optimal  performance  with  turning  prioritized 
higher  than  velocity  control. 

•  Robust  to  external  disturbances. 

•  Terrain  surface  friction  estimation. 

•  Adaptive  control  system. 

•  Built-in  near  roll-over  detection  and 
compensation. 

•  Failsafe  operation  in  case  of  sensor  malfunction. 


Approach: 

•  Develop  detailed  models  in  physics  based 
simulation  program. 

•  Calibrate  models  with  existing  vehicle  data. 

•  Develop  controller  and  convert  to  C-code 

•  Create  automated  test  routines  within  physics 
based  simulation  program. 


Controller 
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Thermal  Management 


Objective:  _  _ _ 

•  Reliably  operate  APD  in  high  thermal  environments 

Goals: 

•  Provide  enough  cooling  to  operate  at  80  kph  in  45°C 

•  Provide  cooling  for  ancillary  payloads  as  well 

•  Minimize  volume  and  weight  of  cooling  system 

Approach^ 

•  Minimize  cooling  loops  on  the  vehicle 

•  Re-rate  components  on  vehicle  to  meet  lower  loop  count 

•  Dual  heat  exchanger  paths  to  split  cooling  load 

•  Model  the  thermal  load  using  CFD  and  Solar  loading 

•  Test  components  early  in  APD  System  Integration  Lab 

•  Conduct  thermal  load  test  of  vehicle  in  a  Chassis  Dynamometer  Cell 
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* 


/ 


Advanced  Suspension 


Hydro-Pneumatic  Stmt  w/ 
Adjustable  Ride  Height 


Emergency/Parking  Brake 


Trailing  Suspension  Arm 
(front  leads) 


Two-stage  Planetary  Geared  Hub  w/ 
Central  Tire  Inflation  System 


TECHNOLOGY  DRIVEN.  WARFIGHTER  FOCUSED. 


Anuroved  for  Public  Release.  TACOM  Case  #21395  Release  :  29  NOV  2010 


RDECOM 


APD  System  Integration  Lab  (SIL) 


fe¥  /  ■  iV 


Battery  Test  Cell 
Provides  safe,  heavy 
load  testing  of 
batteries 


Back  to  Back  -  Motor  &  Hub 
test  stands 

Provides  safe,  full  power  testing 
of  motors/hubs 


backbone  for  SIL 


_  Fully  enclosed,  sound-proof 
engine  cell 

Provides  safe,  full  power 
(190kW)  testing  of  engine- 
generator  stack 


High  Voltage  and  Low  Voltage 
component  rack 

All  motor,  generator,  &  brake  shunt 
controllers;  DCDC  converters 


Power  Processing 
System 

Provides  source/sink 


Insulated,  Thermal 
Chamber 
Provides  safe  room  for 
45C  full  load 
powerpack  testing 


450kW  Dry  Cooler 
Provides  full  cooling 
for  engine  and  all 
hybrid  components 


150kW  Load 
Resistor 

Provides  easy  sink 
for  750V  excess 
power 
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APD  Program  Tie-Ins 
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